We report the case of an 83-year-old woman who developed a pseudoaneurysm of the profunda femoris artery after dynamic hip screw fixation for an intertrochanteric femoral fracture. 23 days after the fixation, radiological investigations including colour Doppler ultrasonography and computed tomographic angiography identified a pseudoaneurysm surrounded by a large intramuscular haematoma close to the profunda femoris. The patient underwent emergency evacuation and was under intensive care for 3 days and was discharged 6 weeks later, with no complications. At one-year follow-up, the wound and fracture had healed, but the patient was confined to a wheelchair. A high index of clinical suspicion and radiological imaging are necessary for making the diagnosis.
INTRODUCTION
Pseudoaneurysm and arterial haemorrhage of the profunda femoris artery is rare after dynamic hip screw fixation for an intertrochanteric femoral fracture, [1] [2] [3] [4] [5] with a reported rate of 0.2%. 1 A high index of clinical suspicion and radiological imaging are necessary for diagnosis. 6 The presentation may be acute or delayed, and is limb-and life-threatening if not diagnosed promptly, owing to blood loss from the arterial injury, distal limb ischaemia, and compartment syndrome. 7 Arterial injuries have been reported after total hip replacement, external fixation, and gamma nailing for femoral fractures.
CASE REPORT
In January 2008, an 83-year-old woman presented with right hip pain and inability to walk following a fall. Prior to the injury, the woman could walk slowly with a stick. She had comorbidities of atrial fibrillation, hypertension, and diabetes mellitus.
Her pedal pulses were palpable and capillary refill in the feet was rapid. Plain radiographs showed an intertrochanteric fracture of the right femur (Fig.  1a) . She declined hospital admission at the time because of the coming Lunar New Year festival but was subsequently hospitalised 4 days after the injury.
On day 2 after admission, she underwent fixation with a dynamic hip screw-plate via the lateral approach, after gentle traction with internal rotation and reduction under fluoroscopy. The vastus lateralis was retracted anteriorly, and the proximal femur was exposed. The guide pin was inserted using a 135º angle guide, and the proximal femur was reamed and tapped. The dynamic hip screw-plate was fixed with 4 cortical screws (Fig. 1b) .
The operation took 40 minutes; blood loss was unremarkable and one unit of packed red blood cells was transfused intra-operatively. Her haemoglobin level was 104 g/l in the recovery room, and she remained haemodynamically stable. The patient accidentally pulled out the drain from the operative site, and mild swelling of the right leg was noted. The calf circumference of the right leg was 28.5 cm compared to 25 cm for the left leg.
On day 11, duplex ultrasound scanning of the right leg showed absence of deep vein thrombosis in the femoropopliteal venous system. On day 24, the calf circumference of the right leg had reduced to 26.5 cm. Her haemoglobin level had decreased to 85 g/l (normal range, 120-150 g/l) from 106 g/l preoperatively. Oesophagogastroduodenoscopy showed mild gastritis only and she remained clinically stable and was discharged.
On day 23, her general condition deteriorated and she was re-admitted. Her right thigh was swollen. Her haemoglobin level was 60 g/l. Colour Doppler ultrasound scanning revealed a vascular lesion with to-and-fro pattern, typical of a pseudoaneurysm, with its neck unidentified (Fig. 2) . The pseudoaneurysm was located deep inside the anterior compartment of the thigh and was close to the cortex at the proximal femoral level. A large heterogeneous echogenic haematoma surrounded the pseudoaneurysm. There was no evidence of deep venous thrombosis.
Computed tomographic (CT) angiography revealed a large, acute intramuscular haematoma, with a craniocaudal length of 30 cm (Fig. 3) . The haematoma was located within the anteromedial thigh, and a 6-cm pseudoaneurysm was located within the vastus medialis and vastus intermedius. The haematoma was close to the femoral cortex and the tips of the screws. Tiny foci of active extravasation were present medial to the pseudoaneurysm. The pseudoaneurysmal neck was not identified. The profunda femoris was compressed by the large haematoma but remained patent. The tip of the fourth screw was close to the profunda femoris. After emergency evacuation of part of the haematoma, the pseudoaneurysm showed profuse bleeding, owing to the loss of tamponade effect. The pseudoaneurysm was excised. The patient was under intensive care for 3 days. She was transfused with 9 units of packed red blood cells during the entire hospitalisation period. The patient was discharged 6 weeks later, with no complications. At one-year follow-up, the wound and fracture had healed. However, the woman was confined to a wheelchair.
DISCUSSION
The profunda femoris artery arises at the posterolateral aspect of the femoral artery, 2.25 to 5.0 cm below the inguinal ligament. The artery typically starts laterally and then posteriorly to the femoral artery, being medial to the proximal femoral shaft. It ends at the lower third of the thigh in a small branch, which pierces the adductor magnus, and is distributed on the back of the thigh to the hamstring muscles. The profunda femoris artery generally gives rise to 3 perforating arteries, which pierce the tendon of the adductor magnus to reach posteriorly and are close to the linea aspera of the femur. The first perforating artery is given off above the adductor brevis and the third one is given off below the muscle. Therefore, the profunda femoris artery at the level of the proximal femoral shaft is vulnerable to iatrogenic injury during dynamic hip screw fixation, owing to its proximity to the femur, 8 at the craniocaudal level nearly equivalent to the third and fourth plate holes in the dynamic hip screw-plate. During fixation, overdrilling can lead to injury of the profunda fermoris artery and its first or second perforating arteries. Internal rotation of the hip causes the profunda femoris artery to lie closer to the femur cortex and therefore increases the risk of arterial injury.
Different mechanisms of arterial injury account for differing timing of symptom onset, which can be acute or chronic, from days to years after dynamic hip screw fixation. 9 Onset of symptoms is more acute when the arterial injury is caused by spikes of fractured bone during injury and manipulation, or by over-penetration by a drill bit, retractor, or screw. 4, 10 Delayed onset is usually secondary to prolonged impingement or erosion of the artery by a protruding fixation screw, particularly seen in arteries with atherosclerotic plaques. 2 The constant friction and erosion cause arterial wall erosion.
In our patient, the pseudoaneurysm was close to the screw tip of the fourth hole. Considering the intramuscular location of the haematoma, the foci of extravasation in CT angiography, and the intraoperative findings, the cause of injury to the profunda femoris artery was likely to relate to overdrilling or impingement by the screw tips. It could also be the result of an avulsion injury during manipulation, particularly in atherosclerotic vessels.
Diagnosing arterial injury after dynamic hip screw fixation is difficult because it is usually masked by trauma or other complications, such as deep venous thrombosis. Clinical differentiation between these is difficult and diagnosis is usually delayed. A pseudoaneurysm may present as a local swelling, simulating a wound haematoma. Pulsatility and bruit detection may be difficult because of the deep location. In our patient, the pseudoaneurysm was located deep within the muscle and surrounded by a large haematoma. It may be useful to detect the integrity of the distal vasculature of the lower limb, based on the colour and temperature of the limb and the presence and strength of pedal pulses. However, these findings may be normal when the injury only involves a minor vessel. Therefore, a high index of suspicion and radiological imaging (particularly noninvasive imaging by CT angiography and duplex ultrasonography) play a major role in making the diagnosis. 6, [11] [12] [13] [14] Multidetector CT angiography enables 3-dimensional reformatting of the lower limb vasculature. Although the image quality can be impaired by metallic implants, it is a quick and noninvasive method, with high sensitivity (90-95%) and specificity (98-100%) for detecting arterial injury after trauma.
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In duplex ultrasonography, pseudoaneurysm has typical imaging findings. In colour Doppler ultrasound scans, pseudoaneurysm has a to-and-fro pattern due to the high rate of inflow and outflow of blood, which is also known as the 'yin-yan' sign. 14 The neck of the pseudoaneurysm may be identified.
Interventional procedures offer both diagnosis and treatment of a femoral artery pseudoaneurysm. Femoral artery angiography and percutaneous transarterial embolisation with coils have been reported in the treatment of a truncated muscular branch of the profunda femoris. 2, 6, 15 A percutaneous approach with thrombin injection for obliterating the pseudoaneurysm has also been reported. 16 Interventional radiological procedures are the treatment of choice because most patients with intertrochanteric fractures are elderly with multiple comorbidities and are poor candidates for a second operation. Percutaneous transarterial embolisation can avoid the need for another major operation and general anaesthesia. 16 CT angiography is particularly useful in studying the vascular anatomy in planning for transarterial embolisation. Real-time ultrasound guidance is useful in guiding the needle for percutaneous thrombin injection.
In our patient, emergency exploration and clot evacuation was judged the more appropriate treatment as (1) the patient was haemodynamically unstable, (2) the large haematoma might cause compartment syndrome of the thigh, and (3) transarterial embolisation of the pseudoaneurysm could not efficiently reduce the intra-compartmental pressure.
